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(54) ELECTRIC DOUBLE-LAYER CAPACITOR USING HIGH MOLECULAR SOLID ELECTROLYTE 
(57) Abstract: 

PURPOSE: To provide an electric double- layer capacitor in which there is no leakage of 
liquid and which has a capacitance almost equal to that of the system using an 
electrolyte by using a high molecular solid electrolyte with a high conductivity by 
which an electrolytic salt such as alkylammonium, etc., can be dissolved sufficiently. 
CONSTITUTION: An aprotic solvent as a plasticizer is added to a polyacrylonitrile or a 
polyethylene oxide-graft polymethacryl acid, and further, as an electrolytic salt, a 
tetraacrylammonium salt is added thereto to make a high molecular film complex. The 
complex is used for the high molecular solid electrolyte of an electric double-layer 
capacitor which has contacting polarization electrodes. Therefore, by using the 
high-molecular solid electrolyte exhibiting a high conductivity in case where various 
kinds of tetraarcylammonium salts are used, there is no fear of leaking of liquid and 
the system having a capacitance almost equal to that of the same kind of capacitor 
containing an electrolyte can be constructed. 



1 of 1 



6/13/2009 11:09 AM 



JP,06-275469,A [CLAIMS] http://www4ipdl.inpitgo.jp/cgi-biri/tran_web_cgi_ejje?atw_u=http://w... 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s) ] 

[Claim 1]A solid polymer electrolyte electric double layer capacitor containing an 
organic solvent as electrolyte salt and a plasticizer which consists of a polarizable 
electrode opposite-** (ed) by both sides of a solid polymer electrolyte. 
[Claim 2]A solid polymer electrolyte electric double layer capacitor given in the 1st 
paragraph of a claim which said electrolyte salt becomes from tetraethylammonium 
tetraf luoroborate, tetraethylammonium perchlorate, or tetrabutylammonium perchlorate. 
[Claim 3]A solid polymer electrolyte electric double layer capacitor given in the 1st 
paragraph of a claim which nonprotic solvents, such as ethylene carbonate, propylene 
carbonate, sulfolane, and gamma-butyrolactone, were independently used for said 
plasticizer, respectively, or mixed and used two sorts of plasticizers of these. 
[Claim 4] A solid polymer electrolyte electric double layer capacitor given in the 1st 
paragraph of a claim for which said solid polymer electrolyte used polyacrylonitrile or 
polyethylene oxide graft poly methyl methacrylate. 

[Claim 5]A solid polymer electrolyte electric double layer capacitor given in the 1st 
paragraph of a claim which consists of an electrode material in which said polarizable 
electrode made a subject blanket-like carbon materials, such as a carbon nonwoven fabric 
or an activated carbon-ized carbon nonwoven fabric. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a solid polymer electrolyte electric 
double layer capacitor. This solid polymer electrolyte electric double layer capacitor 
has the characteristic of having used the electric double layer formed in the interface 
of a polarizable electrode and an electrolyte and that electric capacity is large. This 
considers it as the object for backup of a computer memory, or the auxiliary power of a 
cell, and is used. 

It is used combining the rechargeable battery of high energy density as a power supply 
of an electromobile. 

[0002] 

[Description of the Prior Art] The thing using the thing which this old kind of electric 
double layer capacitor made dissolve the alkyl ammonium salt as electrolyte salt in 
organic solvents, such as gamma-butyrolactone, as an electrolysis solution is known. 
This alkyl ammonium salt is a suitable substance for the purpose of it being 
electrochemically stable and storing up an electric charge in the electric double layer 
formed by physical adsorption of the electrolyte salt to an electrode surface. 
Therefore, it was a conventional method which it is considered as the organic solvent in 
which such electrolyte salt is made to dissolve enough, and an electrolyte is dissolved 
using gamma-butyrolactone etc. , and is used as an electrolysis solution. However, since 
the electrolysis solution of the fluid is used, there is fear of liquid leakage on the 
occasion of long-term use, in order to establish long term reliability, the structure 
for cheating out of a seal thoroughly is needed, and the conventional electric double 
layer capacitor brings a result in which the weight itself increases. 
[0003] Although it replaces with organic electrolysis liquid, and is made to the 
structure where liquid leakage does not happen by using a solid electrolyte and it is 
thought that a separator moreover also becomes unnecessary, Electrolyte salt, such as 
alkyl ammonium salt, could fully be dissolved, and selecting the solid polymer 
electrolyte in which high conductivity is moreover shown had a difficulty. 
[0004] 

[Problem(s) to be Solved by the Invention]By the purpose of this invention fully being 
able to dissolve electrolyte salt, such as alkyl ammonium salt, creating the solid 
polymer electrolyte in which high conductivity is moreover shown, and using this, It is 
providing a solid polymer electrolyte electric double layer capacitor with the capacity 
which is moreover equal to the electric double layer capacitor using an electrolysis 
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solution by there being no liquid leakage, and structure becoming easy since it is not 

necessary to use a separator. 

[0005] 

[Means for Solving the Problem] This invention to polyacrylonitrile or polyethylene oxide 
graft polymethacrylic acid. Use ethylene carbonate, propylene carbonate, sulfolane, and 
gamma-butyrolactone independently as a plasticizer, respectively, or mix and use two 
sorts of plasticizers of these, and further as electrolyte salt, A poly membrane complex 
produced by adding tetraethylammonium tetraf luoroborate, tetraethylammonium perchlorate, 
or tetrabutylammonium perchlorate is used for a solid polymer electrolyte of a electric 
double layer capacitor. 
[0006] 

[Function] The poly membrane complex in this invention could dissolve uniformly the 
electrolyte salt of the concentration which is equal to an electrolysis solution, it 
became clear that a liquid component did not leak, and it was checked that high 
conductivity is shown at a room temperature. When it furthermore inserted by two 
electrodes using these poly membrane complex as a carbon material nonwoven fabric and 
the characteristic as a capacitor was examined, in the charge-and-discharge capacity 
test between the between potential IV and 2V, the performance which is equal to the 
capacitor using an electrolysis solution was shown very much. 
[0007] 

[Comparative example l] dissolving tetraethyl fluoroborate as electrolyte salt in volume 

_0 

ratio 1:1 mixed solution of ethylene carbonate and sulfolane by 0. 8moldm 

concentration, and measuring conductivity — a place — 298K — 4x10 Scm 
conductivity was obtained. This electrolysis solution was inserted into the activated 
carbon nonwoven fabric by two electrodes which made the nickel network weld as a charge 
collector, and when the charge and discharge test was done very much with IV and 1 mA of 

current from the between potential 2V, the capacity of 0. 40Fcm was obtained to the 

apparent electrode surface product at the first time. 

[0008] 

[Work example 1] 10 ml of plasticizer solutions which dissolved 0. 44g of electrolyte salt 
in 0.88 g of polyacrylonitrile were mixed. This fluid was dried under 393K and 40mmHg 
decompression for 2 hours, and the poly membrane complex was obtained by neglecting it 
in a 2 more hour vacuum. A series of operations were performed under dry argon 
atmosphere. When propylene carbonate was used for the plasticizer here, using 
tetraethylammonium tetraf luoroborate as electrolyte salt, the poly membrane complex 

showed the conductivity of 4x10 Scm by 298K. This was inserted into the activated 

carbon nonwoven fabric by two electrodes which made the nickel network weld as a charge 

collector, and when the charge and discharge test was done very much with IV and 1 mA of 

_o 

current from the between potential 2V, the capacity of 0. 60Fcm was obtained to the 
apparent electrode surface product at the first time. This poly membrane complex was 
flexible, and before and after doing a charge and discharge test, in any, the break 
through of the liquid component was not seen at all. 
[0009] 

[Work example 2]Methoxy poly (ethylene glycol) mono- methacrylate and poly (ethylene 
glycol) dimethacrylate are mixed by the mole ratio 3:1 as a prepolymer of the purpose 

polymers, The plasticizer solution which dissolved electrolyte salt by 0. 8moldm 
concentration was mixed by the volume ratio 1:1 to the prepolymer mixed solution. 
Furthermore, a small amount of 2 and 2-dimethoxy- 2-phenylacetophenones were added here 
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as a photopolymerization initiator, the ultraviolet radiation exposure was performed, 
and the poly membrane complex was obtained. A series of operations were performed under 
dry argon atmosphere. When volume ratio 1:1 mixed solution of ethylene carbonate and 
sulfolane was used for the plasticizer solution here, using tetraethylammonium 
tetraf luoroborate as electrolyte salt, the poly membrane complex showed the conductivity 

of 9xlO" 4 Scm _1 by 298K. This was inserted into the activated carbon nonwoven fabric by 
two electrodes which made the nickel network weld as a charge collector, and when the 
charge and discharge test was done very much with IV and 1 mA of current from the 

between potential 2V, the capacity of 0. 38Fcm was obtained to the apparent electrode 
surface product at the first time. This poly membrane complex was flexible, and before 
and after doing a charge and discharge test, in any, the break through of the liquid 
component was not seen at all. 
[0010] 

[Work example 3] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, tetraethylammonium perchlorate was used as 

electrolyte salt here. In this case, the conductivity in 298K was 6x10 4 Scm The 

capacity as a capacitor was 0. 30Fcm 2 . This poly membrane complex was flexible, and 
before and after doing a charge and discharge test, in any, the break through of the 
liquid component was not seen at all. 
[0011] 

[Work example 4] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, tetrabutylammonium perchlorate was used as 

electrolyte salt here. In this case, the conductivity in 298K was 5x10 4 Scm The 

capacity as a capacitor was 0. 06Fcm . This poly membrane complex was flexible, and 
before and after doing a charge and discharge test, in any, the break through of the 
liquid component was not seen at all. 
[0012] 

[Work example 5] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, propylene carbonate was used as a plasticizer here, 
using tetraethylammonium tetraf luoroborate as electrolyte salt. In this case, the 

conductivity in 298K was 3x10 Scm . The capacity as a capacitor was 0. 42Fcm . This 
poly membrane complex was flexible, and before and after doing a charge and discharge 
test, in any, the break through of the liquid component was not seen at all. 
[0013] 

[Work example 6] The method of Example 2 estimated preparation and the characteristic for 

the poly membrane complex. However, propylene carbonate was used as a plasticizer here, 

using tetraethylammonium perchlorate as electrolyte salt. In this case, the conductivity 

_o _i _o 
in 298K was 2x10 Scm . The capacity as a capacitor was 0. 31Fcm . This poly membrane 

complex was flexible, and before and after doing a charge and discharge test, in any, 

the break through of the liquid component was not seen at all. 

[0014] 

[Work example 7] The method of Example 2 estimated preparation and the characteristic for 

the poly membrane complex. However, propylene carbonate was used as a plasticizer here, 

using tetrabutylammonium perchlorate as electrolyte salt. In this case, the conductivity 

_o _i _o 
in 298K was 1x10 Scm . The capacity as a capacitor was 0. 21Fcm . This poly membrane 

complex was flexible, and before and after doing a charge and discharge test, in any, 

the break through of the liquid component was not seen at all. 
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[0015] 

[Work example 8] Preparation and the characteristic were evaluated for the poly membrane 

complex mentioned as Example 5. However, in the capacity test as a capacitor, current 

was 0. 5 mA here. In this case, capacity was 0. 60Fcm . This poly membrane complex was 
flexible, and before and after doing a charge and discharge test, in any, the break 
through of the liquid component was not seen at all. 
[0016] 

[Effect of the Invention]As mentioned above, it became clear that a system with the 
capacity which is equal to a capacitor with an electrolysis solution of the same kind 
could be built by using for the electrolyte of a electric double layer capacitor the 
solid polymer electrolyte in which high conductivity is shown when various tetra-alkyl 
ammonium salt is used. As mentioned to the example, as electrolyte salt, it turned out 
as tetraf luoroborate and a plasticizer that propylene carbonate is more desirable. When 
the current density for charge and discharge was low, it also turned out that capacity 
increases more. Since these capacitors do not have fear of liquid leakage, the 
reliability for long-term use is high, and the effect is large. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to a solid polymer electrolyte electric 
double layer capacitor. This solid polymer electrolyte electric double layer capacitor 
has the characteristic of having used the electric double layer formed in the interface 
of a polarizable electrode and an electrolyte and that electric capacity is large. This 
considers it as the object for backup of a computer memory, or the auxiliary power of a 
cell, and is used. 

It is used combining the rechargeable battery of high energy density as a power supply 
of an electromobile. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionjBy the purpose of this invention fully being 
able to dissolve electrolyte salt, such as alkyl ammonium salt, creating the solid 
polymer electrolyte in which high conductivity is moreover shown, and using this, It is 
providing a solid polymer electrolyte electric double layer capacitor with the capacity 
which is moreover equal to the electric double layer capacitor using an electrolysis 
solution by there being no liquid leakage, and structure becoming easy since it is not 
necessary to use a separator. 
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MEANS 



[Means for Solving the Problem] This invention to polyacrylonitrile or polyethylene oxide 
graft polymethacrylic acid. Use ethylene carbonate, propylene carbonate, sulfolane, and 
gamma-butyrolactone independently as a plasticizer, respectively, or mix and use two 
sorts of plasticizers of these, and further as electrolyte salt, A poly membrane complex 
produced by adding tetraethylammonium tetraf luoroborate, tetraethylammonium perchlorate, 
or tetrabutylammonium perchlorate is used for a solid polymer electrolyte of a electric 
double layer capacitor. 
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OPERATION 



[Function] The poly membrane complex in this invention could dissolve uniformly the 
electrolyte salt of the concentration which is equal to an electrolysis solution, it 
became clear that a liquid component did not leak, and it was checked that high 
conductivity is shown at a room temperature. When it furthermore inserted by two 
electrodes using these poly membrane complex as a carbon material nonwoven fabric and 
the characteristic as a capacitor was examined, in the charge-and-discharge capacity 
test between the between potential IV and 2V, the performance which is equal to the 
capacitor using an electrolysis solution was shown very much. 
[0007] 

[Comparative example l] dissolving tetraethyl fluoroborate as electrolyte salt in volume 

_0 

ratio 1:1 mixed solution of ethylene carbonate and sulfolane by 0. 8moldm 

concentration, and measuring conductivity — a place — 298K — 4x10 Scm 
conductivity was obtained. This electrolysis solution was inserted into the activated 
carbon nonwoven fabric by two electrodes which made the nickel network weld as a charge 
collector, and when the charge and discharge test was done very much with IV and 1 mA of 

current from the between potential 2V, the capacity of 0. 40Fcm was obtained to the 

apparent electrode surface product at the first time. 

[0008] 

[Work example 1] 10 ml of plasticizer solutions which dissolved 0. 44g of electrolyte salt 
in 0.88 g of polyacrylonitrile were mixed. This fluid was dried under 393K and 40mmHg 
decompression for 2 hours, and the poly membrane complex was obtained by neglecting it 
in a 2 more hour vacuum. A series of operations were performed under dry argon 
atmosphere. When propylene carbonate was used for the plasticizer here, using 
tetraethylammonium tetraf luoroborate as electrolyte salt, the poly membrane complex 

_q _i 

showed the conductivity of 4x10 Scm by 298K. This was inserted into the activated 

carbon nonwoven fabric by two electrodes which made the nickel network weld as a charge 

collector, and when the charge and discharge test was done very much with IV and 1 mA of 

_o 

current from the between potential 2V, the capacity of 0. 60Fcm was obtained to the 
apparent electrode surface product at the first time. This poly membrane complex was 
flexible, and before and after doing a charge and discharge test, in any, the break 
through of the liquid component was not seen at all. 
[0009] 

[Work example 2]Methoxy poly (ethylene glycol) mono- methacrylate and poly (ethylene 
glycol) dimethacrylate are mixed by the mole ratio 3:1 as a prepolymer of the purpose 

polymers, The plasticizer solution which dissolved electrolyte salt by 0. 8moldm 
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concentration was mixed by the volume ratio 1:1 to the prepolymer mixed solution. 
Furthermore, a small amount of 2 and 2-dimethoxy- 2-phenylacetophenones were added here 
as a photopolymerization initiator, the ultraviolet radiation exposure was performed, 
and the poly membrane complex was obtained. A series of operations were performed under 
dry argon atmosphere. When volume ratio 1:1 mixed solution of ethylene carbonate and 
sulfolane was used for the plasticizer solution here, using tetraethylammonium 
tetraf luoroborate as electrolyte salt, the poly membrane complex showed the conductivity 

of 9x10 4 Scm 1 by 298K. This was inserted into the activated carbon nonwoven fabric by 
two electrodes which made the nickel network weld as a charge collector, and when the 
charge and discharge test was done very much with IV and 1 mA of current from the 

between potential 2V, the capacity of 0. 38Fcm was obtained to the apparent electrode 
surface product at the first time. This poly membrane complex was flexible, and before 
and after doing a charge and discharge test, in any, the break through of the liquid 
component was not seen at all. 
[0010] 

[Work example 3] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, tetraethylammonium perchlorate was used as 

electrolyte salt here. In this case, the conductivity in 298K was 6x10 4 Scm 1 . The 

_o 

capacity as a capacitor was 0. 30Fcm . This poly membrane complex was flexible, and 
before and after doing a charge and discharge test, in any, the break through of the 
liquid component was not seen at all. 
[0011] 

[Work example 4] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, tetrabutylammonium perchlorate was used as 

electrolyte salt here. In this case, the conductivity in 298K was 5x10 4 Scm 1 . The 

capacity as a capacitor was 0. 06Fcm 2 . This poly membrane complex was flexible, and 
before and after doing a charge and discharge test, in any, the break through of the 
liquid component was not seen at all. 
[0012] 

[Work example 5] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, propylene carbonate was used as a plasticizer here, 
using tetraethylammonium tetraf luoroborate as electrolyte salt. In this case, the 

conductivity in 298K was 3x10 Scm . The capacity as a capacitor was 0. 42Fcm . This 
poly membrane complex was flexible, and before and after doing a charge and discharge 
test, in any, the break through of the liquid component was not seen at all. 
[0013] 

[Work example 6] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, propylene carbonate was used as a plasticizer here, 
using tetraethylammonium perchlorate as electrolyte salt. In this case, the conductivity 

in 298K was 2x10 3 Scm l . The capacity as a capacitor was 0. 31Fcm 2 . This poly membrane 
complex was flexible, and before and after doing a charge and discharge test, in any, 
the break through of the liquid component was not seen at all. 
[0014] 

[Work example 7] The method of Example 2 estimated preparation and the characteristic for 
the poly membrane complex. However, propylene carbonate was used as a plasticizer here, 
using tetrabutylammonium perchlorate as electrolyte salt. In this case, the conductivity 

in 298K was 1x10 3 Scm . The capacity as a capacitor was 0. 21Fcm 2 . This poly membrane 
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complex was flexible, and before and after doing a charge and discharge test, in any, 

the break through of the liquid component was not seen at all. 

[0015] 

[Work example 8] Preparation and the characteristic were evaluated for the poly membrane 
complex mentioned as Example 5. However, in the capacity test as a capacitor, current 

was 0. 5 mA here. In this case, capacity was 0. 60Fcm . This poly membrane complex was 
flexible, and before and after doing a charge and discharge test, in any, the break 
through of the liquid component was not seen at all. 
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-^)«m±9iaSIT/U^>SHSvTTfifo^„ ZZTlg 
KS^-*{i2 9 8K'C9xl 0- 4 Scm" i <QGM& 
=Wc9®K9tE«Cfc^U 0. 38Fcra-2«Si 30 

too 1 0] 

[HteW3] jtifcfl2W:^^Mlt«^tt2:i3&, 
&£>tf fcltttfcHMil Lit. &LZZX\i.WR'8Mt L-T 

298Kfc:fctt&fe^Jg*i6xl0-4 Scm 
- i X-h-yiz. a>iry^-tLXcrmmtO. 3 OF 
cm- 2-CJ)ot„ ^OSfrTK&dfMi. 7Ky7 40 
^TS>0, Iffi^mZftomlk^iViiz&^xi,. St 

[00 1 1] 

imkmi m&mcoijmx^iitf-mm&tozmm. 

<r>m%. 2 98Kt!fe<tse^i5xl0- 4 Scm 

- 1 X'h-^iz. iyif>y—tLx<mm±o. 06F 
cm- 2 x-h->it. znaft^miSteli, y^^'^y 

ivx-h o . immsBit: ?t 3 wftv i-mttiv ^-c t, . ?s so 



[0012] 

[HSS015 3 ^SS^2co^ra-Cg^H 1 ISS^ : 5:HS, 

K^viizm&zmmLiz. m,zzx'\xmw&}ivx 

£0^. 2 98Kt;:i5frt*>g®g(i3xl 0~ 3 Scm 
-i X'h->tt. sy-r^-fcLTctfgfiJiO. 4 2F 
cm" 7l^f^7 

[0013] 

] mmm 2 nttzx'aiH'mm^mmm. 
^e>mzmmmstfz. mizzx-ixmm%tLx 
T-b^x-f-^ryt-^^^-^n^-h^ffliv ■ail! 

298KttJftSe®S«±2xl 0- 3 Scm- 1 T& 
-?it. a>T>y-t LXn^mitO. 3 1 Fern- 2 
•Cftofc. Zff)ft5FFm§.-&Wli. 7V*i/7)VXh 

0. imxim£ftomnt^-?tiizt>^xi>. m&m 

[0014] 

[55SS0H7 ] mm 2 am^c^^Ffm^mimm, 

3rfclflc!»ttMWLfc. {§.LZZX'limmWZtLX 

2 9 8K|Cfc(tSfeW±lxl 0- 3 Scm- ' X'fo 
-sfc. 3yr>"9--i: L"Cc0^4ti0 . 2 1 F c m- 2 

[0015] 

[S3SM8 ] K^f fca4fflRJ££tt£IB!8, 

UTW^ftlSatciJV^TlioE^O. 5mAfcU:. .TO 
§fi«i0. 60 Fern" 2 TJ>-5^I. «I<0S^ 

[0016] 

£dizWM'SmtL.X&7-hyy)l>*vXl>-}-, *m 

*f*>*-ofc. ymMizmix^m^mmfM^t 



(4) #§n i 6-275469 
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lljP»^rm^lllBr 1-11-10 OjaR^SfftUJJfW 1-34-404 

(72)&f#t *ffl iff (72) %*m m %m 
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